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Super-Kamiokande detector
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Physics achievements with Super-K

Atmospheric v oscillations 2K confirmed 013 by T2K 013 by T2K
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Future prospects of Super-K

With ~10 more years’ data

® Atmospheric neutrinos
> Mass hierarchy (~2c level (for sin%0,,=0.6))
> 0,5 octant (2.1~2.6c level (for sin?0,,=0.4/0.6))

m Solar Neutrinos
> Spectrum upturn expected from LMA (> 3o level)

® Supernova neutrinos

» Observation of supernova relic neutrinos (SRN)
(GADZOOKS! project: discussed later)

» Galactic supernova ~8,000 events at 10kpc (if happens)

m Proton decay
» Will reach ~2.4 x 1034 years for p>e*n®, and
~9 x 1033 years for p>VvK*.

m Indirect dark matter search

» High sensitivity for low mass WIMPs (~8x10-* cm?(SD),
~2x1042 cm?(Sl) at 10 GeV for yx=>t*t~ channel)




GADZOOKS! project

Identify v,p events by neutron tagging with Gadolinium.
Gadolinium has large neutron capture cross section and emit

8MeV gamma cascade.
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Physics targets:
(1) Supernova relic neutrino (SRN)

(2) Enhance directional signals for
supernova burst

(3) Reactor neutrinos
(4) Proton decay background ID
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SRN: Expected signal and background
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Transparency measurement
EGADS e

Evaluating Gadolinium’s Action on Detector Systems
00 m3 tank with 240 PMTs

R

15m? tank to dissolve Gd Gd water circulation system
(purify water with Gd)




Transparency of Gd-loaded water (before mounting PMTSs)

Cherenkov light left at 15 m for 200 ton tank
Blue band: SK-IIT and SK-IV values.
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The light left at 15 m in the 200m?3 tank (stainless steel) was ~69% for 0.2%
Gd,(SO,), , which corresponds to ~84% of pure water.



240 PMTs were mounted in the 200 m3 tank in this
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Pure water circulation was started.
Gd-loaded test is expected start soon.




Latest result from T2K on v, appearance(Run 1+2+3+4)
Data of 6.39x1020 POT (protons on target) ~ Allowed range of sin“28,; for 3¢
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T2K full sensitivity (Expected 90% C.L. allowed region)

(with 7.8x10%1 POT)

Running fraction
v mode:anti-v mode = 100%:0%

OOU 150;

100f

502

T2K only [
sof

-100f

_150§

A r

oo“" 150F

w/ ultimate

reactor
sensitivity

_150F

12

o

sin220,,=1.0
Normal Hierarchy

T
.
.

0

IOOf

_100F

".; \_‘ IH -

Allowed region assuming NH or IH
Solid : w/o systematic error
Dashed : w/ current systematic error

With Ultimate Reactor

0%:50%

RS

S 1sof
v 150;—

100
500

s0E
100F
150F

= Z
T T

.c_
o

h II|IIII|IIII|IIII|IIII|IIII|I\II|II

6CP

150;
100;
S0E-

-100

_150F

=N
T T

.:_
o

h II|IIII|IIII|IIII|\III|II\I|IIII|II

=
W



Hyper-Kamiokande Detector

otal Volume 0.99 Megaton
Inner Volume  0.74 Mton
Fiducial Volume 0.56 Mton (0.056 Mton X 10 compartments)
uter Volume 0.2 Megaton
Photo-sensors 99,000 20”® PMTs for Inner Det.
(20% photo-coverage)
25,000 8”® PMTs for Outer Det.
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Hyper-Kamiokande candidate site

» 8km south from Super-K e ———
» same T2K beam off-axis angle (2.5 degree) B
» same baseline length (295km)

» 2.6km horizontal drive from entrance

» under the peak of Nijuugo-yama
» 648m of rock or 1,750 m.w.e. overburden

» 13,000 m3/day or 1megaton/80days natural
water
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Neutrino beam from J-PARC

Water Purificatiom
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Expected ve CC candidates
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Expected Contours

/.5MW -years

Normal mass hierarchy (known) 5% systematics on signal, v, BG, ve BG, v/v
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Mass Hierarchy Sensitivity by atmospheric neutrino
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Hyper-K is a Multi-purpose Detector

* Explore full picture of neutrino oscillation
parameters.

— Discovery of leptonic CP violation (Dirac o)

— v mass hierarchy determination(Am?;,>0
or <0)

— 0,5 octant determination (0,,<n/4 or >mn/4)
« Extend nucleon decay search sensitivity

— Tyroton=10%*~10% years
* Neutrinos from astrophysical objects

— 200 v's / day from Sun

* possible time variation, day/night matter
effect.

— 250,000 (50) v's from Supernova
@Galactic-center (Andromeda)

—~800 v's / 10 years (>10MeV) SN relic v
— WIMP v, solar flare v, etc

Letter of Intent, Hyper-K WG, arXiv:1109.3262 [hep-ex]



Cavern stability analysis
Candidate site

— 8km south from Super-K
— 648m of rock overburden (1,750 m.w.e)

Rock mass characterization

HK tank location

Required Pre-Stressed (PS) anchors

PS-anchor tension
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JFY

Schedule

assuming budget being approved from JPY2016
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Summary
> Still many fruitful physics at Super-K.

» R&D project for GADZOOKS! (EGADS) is going well.

» T2K observed 013, and has future prospects to
discuss oCP.

» The Hyper-K detector has a high sensitivity for SCP
measurement and mass hierarchy.

» Hyper-K is a multiple purpose detector which
Investigate (discover) also nucleon decays and
astrophysical neutrinos.
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